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Late complications from pacemaker leads are infrequent.
The majority of lead-related issues, such as dislodgment and
perforation, occur around the time of implant.1 Rarely,
arrhythmias are triggered by the physical presence of the
lead. We present the case of a patient with recurrent
ventricular tachycardia (VT) precipitated by positional
change and speciﬁc movements, and associated with a
pacing lead placed 3 decades earlier.Case report
A 53-year-old man with congenitally corrected transposition
of the great arteries presented with recurrent syncope and
implantable cardioverter-deﬁbrillator (ICD) shocks secon-
dary to episodes of VT despite antiarrhythmic medications.
Before this, he had been relatively asymptomatic until age 20
years. At that time, he underwent ventricular septal defect
repair. An epicardial pacing lead was also placed prophy-
lactically at that time but was later abandoned. He remained
asymptomatic until age 43 years, when he was noted to have
severe systemic atrioventricular valve regurgitation requiring
valve replacement surgery. The abandoned epicardial lead
was partially dissected free during the surgery but was
intentionally not removed because of dense adhesions.
Two years later, he underwent placement of a dual-
chamber endocardial pacemaker for high-grade AV block.
Several years later, the device was upgraded to a transvenous
ICD because of symptomatic episodes of sustained
monomorphic VT.
The episodes of VT increased in frequency and were
associated with presyncope, syncope, and appropriate
ICD therapies. Twelve-lead Holter recordings showed
runs of nonsustained monomorphic VT with left bundleKEYWORDS Epicardial pacemaker lead; Ventricular tachycardia; Ablation;
Congenital heart disease
ABBREVIATIONS ICD ¼ implantable cardioverter-defibrillator; VT ¼
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and strongly positive in lead I. Precordial transition was
noted at lead V4. The maximum deﬂection index was
measured at 0.48. Several antiarrhythmic medications failed
to prevent these episodes, and the decision was made for
ablation of the VT. At his initial ablation, VT was not
inducible using standard programmed ventricular extrasti-
mulation with and without isoproterenol. Using a pace-map
approach, an empiric substrate-based ablation was under-
taken based on the morphology from 12-lead Holter mon-
itoring (Figure 1). A discrete area of diseased myocardium in
the inferior septum of the morphologic left ventricle inferior
to the ventricular septal defect patch was thought to be the
culprit area. However, a 12/12 pace-map could not be
identiﬁed. Linear ablation was performed there to the
tricuspid valve. This particular ablation was associated with
some initial improvement in symptoms as well as a reduction
in ventricular events as recorded by the patient’s ICD.
However, 3 after this ablation, the patient had recurrence
of VT, syncope, and ICD shocks. The patient noted that he
could consistently provoke these episodes with jumping or
straining.
A repeat electrophysiologic study was performed, and
again no ventricular arrhythmia could be induced. During the
procedure, the patient was awakened and asked to perform a
Valsalva maneuver. This reproducibly triggered the clinical
VT. The clinical arrhythmia was found to be self-terminating
and focal in nature. The source was mapped to the inferior
aspect of the subpulmonic morphologic left ventricle. Sub-
strate mapping in this area showed entirely normal myocar-
dial characteristics. Voltage (45 mV) was present with no
evidence of electrogram fractionation or mid-diastolic poten-
tials. The earliest ventricular electrogram was identiﬁed to be
24 ms ahead of the QRS onset, and no prepotential was seen
(Figures 2 and 3). Importantly, this earliest site was noted to
be exactly opposite the abandoned screw-in epicardial lead.
The pace-map morphology from this area was found to be an
11/12 match compared with the clinical VT, and the VT was
provoked with Valsalva maneuver. Despite these features,
long-duration, empiric ablation lesions delivered from sev-
eral different angles using high power (40–45 W) and an
irrigated-tip catheter were required (Figure 4). Also, in anpen access article under the CC BY-NC-ND license
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KEY TEACHING POINTS
 Epicardial device leads can be a trigger for
ventricular arrhythmia, even if they have been
quiescent for many years.
 Epicardial device leads can cause ventricular
arrhythmia without any obvious endocardial
substrate abnormalities.
 Unusual provocation maneuvers should be
considered outside of the standard ventricular
pacing protocols, isoproterenol, and epinephrine.
This should be guided by a careful history
identifying unconventional triggers.
127Witt et al VT Secondary to Abandoned Epicardial Pacemaker Leadattempt to achieve a deeper lesion toward the epicardial
surface, a nonirrigated catheter was used to deliver 80 W to
the same area. After this set of lesions, the VT could not be
reinduced with Valsalva provocation. Premature ventricular
contractions were still present from the site with deepFigure 1 Twelve-lead Holter monitor recordingValsalva, yet conversion to an epicardial approach was
decided against given the patient’s history of 2 prior
sternotomies and known dense adhesions. The patient has
remained free of VT and ICD therapies since the ablation (2
years).Discussion
This case demonstrates that ventricular arrhythmias can be
provoked by screw-in epicardial leads placed many years
earlier. This rare scenario has been described for endocardial
pacing and deﬁbrillator lead tips2–4 as well as secondary to
the lead shaft itself.5–7 It also has been documented with
fractured and migrated epicardial leads in the setting of
perforation.8,9 In this case, the lead itself did not appear to
have any abnormality, and there was no evidence of
perforation on prior computed tomographic imaging. In
previous similar cases, however, the offending lead was
removed, which was not necessary in our patient, demon-
strating that endocardial ablation was sufﬁcient to modify the
peri-lead substrate and result in noninducibility.showing the clinical ventricular tachycardia.
Figure 2 Inferior view of the heart looking speciﬁcally at the subpulmonic left ventricle. Left: Activation map showing a central early point from which
activation spreads outward.Right: Electroanatomic voltage map with the scale set to 0.5–1.5 mV. As evident from the map, the earliest point and ablation lesions
were delivered within an area of essentially normal myocardium with voltages41.5 mV.
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arrhythmia reliably provoked by physical actions, such as
voluntary abdominal distension, bending, or jumping. This
was only evident to the patient in retrospect after the initial
failed ablation and suggests that traction on the lead was a
key factor. This also alerts the clinician that unconventional
methods of VT induction should be considered in refractory
cases in which conventional pacing protocols have failed and
the patient is aware of a speciﬁc precipitator.Figure 3 Ventricular tachycardia is induced with Valsalva. Twelve-lead ECG isPrevious evidence suggests that epicardial (ICD) leads
may have an initial proarrhythmic effect, but this occurs
shortly after lead placement.10 Why this particular lead
became arrhythmogenic after 3 decades of quiescence is
unclear. An alteration in the position of the lead or a new area
of lead ﬁxation occurring secondary to the valve replacement
surgery is a possibility. Alternatively, it may have been
related to anatomic changes associated with cardiac hyper-
trophy or aging.shown, with the normal voltage electrogram noted on the ablation catheter.
Ablaon catheter
Epicardial lead
Ablaon catheter
Epicardial lead
Figure 4 Fluoroscopic images from ablation showing the epicardial lead attached to the inferior surface of the subpulmonic ventricle. A: Right anterior
oblique view. B: Left anterior oblique view.
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clinical VT, this case also demonstrates that deeper myo-
cardial lesions are possible with longer, high-power radio-
frequency ablation. Despite the lead being epicardial in
nature, review of the 12-lead maximum deﬂection index
suggests that the exit of the VT likely was not epicardial.11
Furthermore, the entirely normal voltage signals during
mapping and the less than ideal electrogram to QRS duration
suggest that the origin also was not endocardial. Therefore,
ablation from the endocardial surface may simply have
resulted in exit block from a midmyocardial source.
This case demonstrates that screw-in epicardial device
leads must be considered as a trigger for VT even decades
after implantation. The unusual VT provocation also is
important for the clinician to consider as a mechanism of
induction in patients in whom positional changes result in
arrhythmia induction.References
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